Abstract. We carry out simulations of the melting process on the phase change material n-octadecane in squared geometries in the presence of natural convection and including thermocapillary effects. We show how the introduction of thermocapillary effects enhances the heat transfer rate, being the effect especially relevant for small Bond numbers. Thus induction of Marangoni flows results in a useful mechanism to enhance the typical slow heat transfer rate of paraffin waxes in applications of energy storage or passive control management.
Introduction
The important environment problems of traditional sources of energy have promoted an intense and increasing interest in energy efficiency and development of renewable and clean sources of energy. It has realized that to achieve this goal producing energy must be accompanied with systems to store it, like thermal energy storage systems.
The usage of Phase Change Materials (PCM) is a low cost, environmentally friendly and safe solution for thermal energy storage. PCM use the large latent heat of the solid/liquid phase transition to store a large amount of energy during melting or release it during solidification, changing very little the temperature during the transition. Currently, there are hundredths of PCM known -as organic, inorganic and eutectics-with a wide range of melting points (from temperatures below zero to hundredths of Celsius degrees).
Among PCM the paraffin waxes are very well suited for thermal storage at room temperatures, and they are widely used for improving energy efficiency in buildings [1] . Interesting, they are used as well within space crafts in microgravity for the conservation of samples, food and electronic thermal energy management [2, 3] . However, a major issue in thermal regulation with most PCM, including paraffins, is their low conductivity, usually < 1 W m −1 K −1 . This leads to very long times during the heat storage and discharge phases, reducing their applicability.
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On ground applications, the main choice to reduce the problem of low conductivity is to promote convective motions within the liquid phase of the PCM. Convective motions driven by gradients of density induced by differences of temperature enhance the heat transfer rate about an order of magnitude with respect to conductive heat transport. Another approach to accelerate the heat transfer is to place a large area of PCM in contact with high conductivity materials, like metallic fins or metallic foams [4] . Whereas this solution is applicable under microgravity conditions, it increases the mass and size of the devices, and the absence of convective driving may not be fully compensated.
Prompted by the above considerations a mechanism to enhance the heat transfer on PCMs without increasing mass and volume, is to maximize the Marangoni flow induced by thermal gradients of surface tension. We aim at studying the melting dynamics of the paraffin n-octadecane, which exhibits a solid/liquid phase change at 26.1
• C and is widely used due to its stability and suffers no undercooling. In Section 2 we present the governing equations of the PCM model and the geometries selected to study the melting process under natural convection and thermocapillarity. The results of our simulations for natural convection and superposed thermocapillary driving are presented in Section 3, where we compare results for two Bond numbers and imposed temperatures. Finally, conclusions are provided in Section 4.
Governing equations and geometry
We have used two squared domain with sizes h = 1 and 2 cm. The left side of the squares is conductive held at a constant temperature T h , greater than the melting temperature of the n-octadecane (T l = 26.1
• C), which is held initially at a solid phase (T i = 25
• C). The rest of the sides of the squared geometry are adiabatic. The top side is considered to be a free surface where the thermocapillary effects are acting. This configuration corresponds to a classical lateral heating.
Momentum equation
We consider the flow laminar, two-dimensional and incompressible. The governing equation expressing the balance of momentum has the vectorial form
where f l is the local volume liquid fraction of the liquid phase of the PCM in a representative control volume. ∇ = (∂ x , ∂ y ) and ∂ t are the spatial and temporal operators.
T the temperature of a control volume that can contain pure solid (f l = 0), liquid (f l = 1) or a mixture of both phases (0 < f l < 1); u = (u, v) is the fluid velocity; ρ is the density; μ is the dynamic viscosity, p is the pressure, g the magnitude of gravity acceleration, e y an unit vector pointing in the vertical direction upwards, T ref is a reference temperature where physical properties are given and α the thermal expansion coefficient. The bulk physical properties are supposed to be constant within the range of temperatures studied, with the exception of the density in the buoyancy term. We have neglected the viscous dissipation in the momentum equation since the dissipation number of natural convection satisfies (gα/c l )h 1 [9] for the properties of n-octadecane (c.f. Tab. 1) and scale h used in this work.
